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22 Abstract 
23 Food processing treatments can alter the microbial biodiversity which can significantly affect shelf-
24 life and safety. These changes in biodiversity can be analysed using culture-independent community 
25 profiling methods to provide a better understanding of which bacteria are resistant to the process.  In 
26 this study, we used rice as a model food that contains a rich bacterial biodiversity to determine what 
27 effect variable high pressure processing (HPP) parameters and/or cooking has on the bacterial 
28 population.  Two samples of milled rice each from two harvest years were pressured at 0, 200, 400 
29 or 600 MPa for 10 min at 25 °C, then either cooked at 100 °C or left uncooked. Samples were stored 
30 at 25 °C for up to 8 weeks or until spoilage was detected by total aerobic plate count. Bacterial DNA 
31 was extracted and the community composition was analysed by Illumina sequencing of 250bp of 16S 
32 rDNA. Pressured, uncooked samples spoiled after one day of storage at 25 °C and it was found that 
33 pressures at and above 400 MPa selected for aerobic sporeformers namely Bacillaceae being the 
34 dominant group. Of these, Bacillus cereus, Bacillus subtilis or Paenibacillus amylolyticus groups 
35 were the most abundant in samples. The untreated rehydrated rice control and rice treated at 200 MPa 
36 contained populations consisting of a mix of primarily Enterobacteriaceae and Bacillaceae 
37 suggesting that 200MPa treatment was not severe enough to eliminate Gram-negative bacteria. 
38 Cooked rice samples spoiled after three days storage at 25 °C and contained almost exclusively 
39 Bacillus spp. with B. subtilis and B. cereus groups dominating the populations. With pressures of 400 
40 and 600 MPa, cooked samples remained unspoilt after eight weeks of storage at 25 °C with sequences 
41 representing DNA from a highly heterogeneous mix of non-viable bacterial cells. The lower pressure 
42 treatment (200 MPa) combined with cooking resulted in one out of four samples spoiling due to 
43 growth of Bacillus flexus group bacteria. In summary, the culture-independent method used here 
44 demonstrates that higher HPP (400 and 600 MPa) treatment or cooking alone selected for 
45 sporeforming bacterial spoilage profiles. A combination of HPP (400 and 600 MPa) with cooking 
46 resulted in ambient temperature stable rice, with no growth of potentially hazardous sporeformers 
47 observed.
48
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55 1 Introduction
56 High pressure processing (HPP) offers a promising non-thermal alternative to conventional 
57 technologies to extend the shelf-life, while maintaining the quality and nutrients in food (Mujica-Paz, 
58 Valdez-Fragoso, Samson, Welti-Chanes, & Torres, 2011). Studies using HPP have focussed on the 
59 inactivation of bacterial pathogens and sporeforming bacteria in order to ensure safety and achieve 
60 an adequate shelf-life.  This has involved the inoculation of normally one bacterium into a foodstuff 
61 and monitoring their survival after processing.  Little information, however, is available regarding 
62 the effect of HPP on naturally occurring bacterial populations in foods and how variable HPP 
63 pressures impact bacterial spoilage profiles. Rice provides a useful model food to examine, since it is 
64 predicted to contain an inherently diverse bacterial population including sporeforming and non-
65 sporeforming bacteria as well as potential pathogens such as Bacillus cereus (Ankolekar, Rahmati, & 
66 Labbe, 2009).
67
68 The most common pathogen found to be associated with cooked rice is Bacillus cereus, which when 
69 at high levels (normally >105-106 CFU/g) can cause emetic or diarrheal-type illness (Delbrassinne et 
70 al., 2012; Rosenquist, Smidt, Andersen, Jensen, & Wilcks, 2005; Wang, Ding, & Oh, 2014). In a 
71 large survey, 47% of raw rice samples were found to contain low levels of B. cereus (Ankolekar et 
72 al., 2009) thus providing an intrinsic source of this pathogen. With these studies selectively testing 
73 for B. cereus, other bacteria present in raw or processed rice which may have safety or spoilage 
74 potential have not been examined to date. The cooking of rice will typically destroy most/all 
75 vegetative bacterial cells, resulting in less competition for surviving sporeforming bacteria. Studies 
76 on the effect of HPP on the inactivation kinetics of bacteria and spores with an individual strain have 
77 been reported using water, buffer or certain foods (Ahn, Balasubramaniam, & Yousef, 2007; 
78 Margosch et al., 2006; Mills, Earnshaw, & Patterson, 1998; Oh & Moon, 2003; Wuytack, Boven, & 
79 Michiels, 1998). The mechanisms of inactivation of vegetative cells in different buffers under high 
80 pressure (HP) above 300 MPa are mainly due to the interference with DNA replication, perturbation 
81 of membranes, release of ions, protein denaturation and is probably a result of multiple injuries in the 
82 cell (Rendueles et al., 2011; Smelt, 1998). While B. cereus vegetative cells can be inactivated at 300 
83 or 400 MPa at ambient temperature (Oh & Moon, 2003), some bacterial spores such as from 
84 Bacillus subtilis survive pressure treatments at 981 MPa for 40 min or at 588 MPa for 120 min at 5 ‒
85 10 °C, and Bacillus coagulans spores have been found to undergo activation, leading to increases in 
86 numbers with increasing pressure (Nakayama, Yano, Kobayashi, Ishikawa, & Sakai, 1996). 
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87
88 One method to inactivate spores combines high pressure and heat. The reduction of spores from B. 
89 subtilis, Bacillus amyloliquefaciens and Bacillus licheniformis strains in mashed carrots at 800 MPa 
90 and 70 °C for 4 min ranged from more than 6 log CFU to no reduction (Margosch, Gänzle, Ehrmann, 
91 & Vogel, 2004). Interestingly, pressures up to 1200 MPa for 48 min in combination with up to 120 °C 
92 can even lead to pressure-mediated protection of spores and is in some cases is less effective in 
93 inactivating spores compared to 120 °C at ambient pressure (Margosch et al., 2006). In other work, 
94 when thermal treatments were applied after HP, the heat sensitivity of HP germinated Bacillus spores 
95 was independent of the pressure level (Nakayama et al., 1996; Wuytack et al., 1998).
96
97 The inactivation of bacteria in the food matrix is more complex because it is influenced by additional 
98 factors such as acidity, water activity and protective compounds such as fats (Smelt, 1998). In milk, 
99 the inactivation of B. cereus can reach a 6 log reduction with a pressure of 500 MPa at 60 °C for 
100 30 min (Van Opstal, Bagamboula, Vanmuysen, Wuytack, & Michiels, 2004). Daryaei, 
101 Balasubramaniam, and Legan (2013) investigated the effect of HPP on the inactivation of artificially 
102 inoculated B. cereus spores in parboiled rice and showed that 600 MPa for 4 min at 85 °C or for 8 min 
103 at 60 °C could inactivate spores by 7 log CFU/g to below the detection limit of 10 CFU/g. However, 
104 after storage at 25 °C for 4 weeks, spores that were treated at 600 MPa below 80 °C and under 10 min 
105 were able to recover, germinate and grow to a significant number (Daryaei et al., 2013). 
106 Ratphitagsanti, De Lamo-Castellvi, Balasubramaniam, and Yousef (2010) reported the recovery and 
107 re-growth of B. amyloliquefaciens spores from undetectable levels in carrot puree after HP treatment 
108 at 700 MPa at 105 °C for 5 min following storage at 32 °C for 7 days. Therefore it is imperative to 
109 examine not only the killing effect of processing treatment, but also the possible recovery of injured 
110 cells/spores and their subsequent growth during typical storage conditions within the food of interest.
111
112 The growth of food spoilage bacteria is most commonly monitored by aerobic plate count methods, 
113 however, more recently, next-generation sequencing methods have allowed a more thorough 
114 investigation of microbial communities. Microbial community profiling has been successfully used 
115 to obtain bacterial community profiles from a wide range of fermented foods (Bokulich, Joseph, 
116 Allen, Benson, & Mills, 2012; Park et al., 2012; van Hijum, Vaughan, & Vogel, 2013) and spoilt 
117 foods (Chaillou et al., 2015; Ercolini, Russo, Torrieri, Masi, & Villani, 2006; Raquel Lo, Turner, 
118 Weeks, & Bansal, 2016; R. Lo, Xue, Weeks, Turner, & Bansal, 2016; Møretrø, Moen, Heir, Hansen, 
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119 & Langsrud, 2016). It is typically found that raw materials contain a diverse bacterial community, 
120 which becomes dominated by one or a few bacteria following fermentation or spoilage.  
121
122 The aim of this study was to investigate what effect different levels of HPP (200, 400 or 600 MPa) 
123 alone or in combination with cooking has on bacterial populations at spoilage under ambient 
124 temperature. Rice has a naturally diverse population of bacteria originating from the farm, storage 
125 and transport sources and thus provides useful model food for determining the effect of various 
126 processing parameters (HPP and heat) on the survival and growth of bacteria from a complex 
127 community. The pressure level and cooking were found to have significant impacts on the shelf-life 
128 and bacterial populations at the end of the storage study.
129
130 2 Materials and methods
131 2.1 Materials
132 Two batches of long grain milled rice (variety Langi) grown and harvested in the Riverina, NSW, 
133 Australia, in 2014 and 2015, were kindly provided by SunRice, Australia. The rice was stored at 
134 4 ± 1 °C to keep changes of rice properties to a minimum (Zhou, Robards, Helliwell, & Blanchard, 
135 2002) and adjusted to room temperature one day before the experiment.
136 2.2 High pressure processing of rice
137 The process scheme is depicted in Figure 1. To produce high pressured rice, 3.2 g of rice plus 4.8 g 
138 of reverse osmosis water were filled into transparent polyethylene-polyamide pouches (120 µm 
139 thickness, 3 cm x 8 cm) and heat sealed. Six bags were enclosed in additional pouch together to 
140 prevent potential breakages and subsequent contamination of the HPP machine, and were 
141 immediately high pressured. Since pressure is transferred instantaneously and uniformly, as well 
142 independent from product geometry and size (Mujica-Paz et al., 2011), the possible effect of the 
143 additional pouch on the survival of bacteria was predicted to be negligible. HPP treatments were 
144 carried out in a cylindrical temperature-controlled pressure vessel of 5 cm  30 cm (Stansted ×
145 FoodLabModel S-FL850-9-W, Essex, UK) at 200, 400 or 600 MPa for 10 min with a pressure 
146 increasing rate of 1000 MPa/min. A control was not pressured and is labelled as 0 MPa. Each 
147 treatment was done using 4 replicate samples (2 samples each from the 2014 and 2015 seasons).  The 
148 bags were immersed in the high pressure vessel filled up with 80 % propylene glycol mixed with 
ACCEPTED MANUSCRIPT
6
149 20 % water and the temperature was maintained at 25 °C by a circulating water system. The outer 
150 bag was removed after the pressure treatment and the samples were kept at 25 °C until further 
151 processing. Rice from the two harvest years are marked with 1 for 2015 and 2 for 2016, and duplicate 
152 samples were taken from each rice batch, marked as a and b.
153 2.3 Post pressure sample handling
154 After pressure treatment, pouches were either cooked in a boiling water bath at 100 °C for 10 min, 
155 then cooled with water at 4 °C, or left uncooked. Each sample was transferred aseptically and sealed 
156 in a 30 mL sterile, cylindrical, polypropylene container (Labtek Pty Ltd, Australia), and stored for up 
157 to 56 days at 25 °C under normal atmosphere. Bacteria were enumerated from uncooked samples the 
158 day after processing and for cooked samples every 3 days until day 28, then every 7 days until day 
159 56.
160 2.4 Bacterial enumeration
161 Bacterial growth in the rice samples was monitored by an aerobic mesophilic bacterial plate count 
162 method. The sample in the 30 mL container was thoroughly mixed using a vortex, then a single grain 
163 was transferred into 1 mL of 0.1 % peptone water (Oxoid, Thermo Scientific, Adelaide, Australia) 
164 and mixed with a vortex to provide even distribution of bacteria. A single grain was used since only 
165 small quantities of rice could be processed by high pressure in the lab scale HPP machine. Tenfold 
166 serial dilutions were prepared using 0.1 % peptone water and 20 µL of each dilution were spotted 
167 onto nutrient agar (Oxoid, Thermo Scientific, Adelaide, Australia). The plates were incubated 
168 aerobically at 30 °C for 24 48 h. A rice sample was considered spoilt when bacterial counts ‒
169 exceeded 104 CFU/g because according to guidelines for the microbial examination of ready-to-eat 
170 foods, 104 CFU/g of Bacillus spp. is considered as potentially hazardous (FSANZ, 2001). A single, 
171 cooked grain had an average weight of 0.043 ± 0.004 g (n=10), therefore the CFU was multiplied by 
172 23 to convert to 1 g of cooked rice. When spoilage was detected, the sample was immediately frozen 
173 at 20 °C before DNA extraction, and samples that were not spoilt were frozen on day 56.‒
174 2.5 DNA extraction for Illumina sequencing
175 DNA extractions were performed with the PowerFoodTM Microbial DNA Isolation Kit (Mo Bio 
176 Laboratories, Carlsbad, CA, US) following the protocol of the manufacturer with the following 
177 modifications: 1.25 g of rice sample was aliquoted and thoroughly mixed using a vortex with 3.75 mL 
178 of phosphate buffered saline in a sterile 25 mL container. From the mixture, 1.8 mL of liquid was 
179 used for further processing according to the protocol of the manufacturer. Samples were processed in 
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180 a high speed homogeniser (Precellys 24, Bertin Technologies, France) to lyse the cells at 
181 6000 rpm/min for 3  30 seconds with a one minute break in between on ice. Genomic DNA was ×
182 stored at 20 °C before it was submitted to the Australian Centre for Ecogenomics (ACE, The ‒
183 University of Queensland, Australia) for Illumina sequencing. 
184 2.6 Illumina sequencing 
185 The amplification primers targeted part of the 16S rDNA encompassing the V5 to V8 regions.  
186 Primers 803F (5'-TTAGAKACCCBNGTAGTC -3') and 1392R (5'-ACGGGCGGTGWGTRC-3') 
187 (Engelbrektson et al., 2010) were modified to contain Illumina specific adapter sequences (803F:5'-
188 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTAGAKACCCBNGTAGTC-3' and 
189 1392wR:5'-
190 GTCTCGTGGGCTCGGGTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACGGGCGGT
191 GWGTRC-3'). Preparation of the 16S library was performed as described, using the workflow 
192 outlined by Illumina (16S Metagenomic Sequencing Library Preparation, #15044223 Rev.B). In the 
193 first stage, PCR products of ~589 bp were amplified according to the specified workflow with an 
194 alteration in polymerase used to substitute Q5 Hot Start High-Fidelity 2X Master Mix (New England 
195 Biolabs) in standard PCR conditions. Resulting PCR amplicons were purified using Agencourt 
196 AMPure XP beads (Beckman Coulter). Purified DNA was indexed with unique 8bp barcodes using 
197 the Illumina Nextera XT 384 sample Index Kit A-D (Illumina FC-131-1002) in standard PCR 
198 conditions with Q5 Hot Start High-Fidelity 2X Master Mix. Indexed amplicons were pooled together 
199 in equimolar concentrations and sequenced on MiSeq Sequencing System (Illumina) using paired end 
200 sequencing with V3 2 x 300bp chemistry at ACE, according to manufacturer’s protocol. 
201
202 All FASTQ files were processed with FASTQC. The first 20 bases of all FASTQ files were then 
203 trimmed to remove primer sequences, and quality trimmed to remove poor quality sequences using a 
204 sliding window of 4 bases with an average base quality above 15 using the software Trimmomatic. 
205 All reads are then hard trimmed to 250 bases, and any with less than 250 bases excluded. FASTQ 
206 files were then converted to FASTA files. FASTA files were processed using QIIME's 
207 pick_open_reference_otus.py workflow with default parameters (97 % similarity) and taxonomy 
208 assignment with alignment features suppressed. The resulting operational taxonomic unit (OTU) table 
209 was filtered to remove any OTUs with an abundance of less than 0.05%. Representative OTU 
210 sequences were then analysed by BLAST against the reference database (Greengenes version 2013/05 
211 for 16S rDNA). 
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212 2.7 Processing of Illumina sequencing data
213 The results of each sample in the format of an OTU table and the run statistics were provided by 
214 ACE. The sum of OTU proportions were between 50.3 and 99.1 % with six samples below 70 %. The 
215 sum of OTU proportions were normalised to 100 % and sequences matching non-bacterial DNA such 
216 as Streptophyta and Mitochondria, which most likely originate from rice plant DNA, were removed, 
217 and the rest of the OTU proportions were again normalised to 100 %. DNA sequences of Bacillales, 
218 Planococcaceae, Bacillaceae and Bacillus were further analysed using BLAST (National Center for 
219 Biotechnology Information) to determine the genus or species groups when it was not assigned. In 
220 BLAST, the 16S ribosomal DNA sequences (Bacteria and Archaea) targeted loci option was selected, 
221 excluding uncultured/environmental sample sequences. Only when the identity level was above 98 %, 
222 the genus or species was assigned.  Assignment to a species ‘group’ occurred for sequences which 
223 had >98 % identity to several closely related species (e.g. B. cereus group includes B. cereus, B. 
224 thuringiensis and B. anthracis). OTUs below 1 % were grouped and summarised under “others”.  
225 Statistical analysis was carried using an ordinary one-way ANOVA (Tukey’s multiple comparisons 
226 test) using GraphPad Prism version 7.
227 3 Results and discussion
228 3.1 Higher pressure selects for bacterial populations consisting of predominantly 
229 sporeformers after ambient temperature storage  
230 All uncooked samples, independent of pressure, spoiled by one day of storage at 25 °C after 
231 production with greater than 1 106 CFU/g (Table 1). Culture-independent community profiling ×
232 (Figure 2a) showed that bacterial spoilage populations in untreated rice samples and rice treated with 
233 200 MPa pressure were composed of both spore and non-sporeformers (NSF). The percentage of 
234 sporeformers (SF) in the spoilage community averaged 43.3% (untreated) and 49.6% (200 MPa), 
235 however the proportion of SP significantly increased to 96.0 % (p < 0.001) and 96.9 % (p < 0.001) 
236 after treatment at pressures of 400 and 600 MPa, respectively (Figure 2a).  Specifically spoilage taxa 
237 in untreated rice and rice pressured at 200 MPa were diverse with no samples containing >50% of 
238 one OTU.  The populations contained primarily mixes of B. cereus group, B. subtilis group, 
239 Enterobacteriaceae, Enterobacter and Erwinia (Figure 2b). Minor levels of anaerobic Clostridium 
240 were also identified in some samples (0 MPa 2b and 200 MPa 2b; Figure 2b). When pressures were 
241 increased to 400 and 600 MPa, spoilage populations were less diverse and dominated by B. cereus 
242 group, B. subtilis group or Paenibacillus amylolyticus. It appears likely that pressures at and above 
243 400 MPa had destroyed vegetative cells or at least Gram-negative bacteria, which are generally more 
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244 sensitive to pressure (Farkas & Hoover, 2000; Hugas, Garriga, & Monfort, 2002). In other work, 
245 400 MPa at 20 °C for 10 min treatment resulted in a 4 5 log reduction of pure B. cereus and B. ‒
246 subtilis spores in water (Arroyo, Sanz, & Préstamo, 1997). It would therefore be expected that these 
247 bacteria would not survive in our 400 and 600 MPa treatments, since naturally contaminating bacterial 
248 levels were very low. However the inactivation rate might be lower in rice compared to buffer or 
249 water (Patterson, Quinn, Simpson, & Gilmour, 1995) or in our work injured cells were allowed time 
250 to repair and subsequently grow on agar. Also spore activation during HPP and subsequent growth is 
251 also likely contributing to the short shelf-life of the high pressure treated samples.
252 3.2 Pressures at and above 400 MPa plus cooking extend the shelf-life of rice to over 56 days 
253 when stored at 25 °C
254 The unpressured cooked samples spoiled after 3 days at a storage temperature of 25 °C (Table 2) due 
255 to the growth of primarily SF (Figure 3a). More than 94 % of the taxa were made up of members of 
256 the Bacillus genus (Figure 3b) dominated by members of the B. cereus and B. subtilis groups. This 
257 indicates that cooking inactivated most of the vegetative cells in rice, with primarily spores being able 
258 to survive. Most of the HPP treated samples (11/12) that underwent cooking did not spoil as indicated 
259 by asterisks in Figures 3a and 3b. The one sample that spoiled (on day 9) was treated at the lower 
260 pressure of 200 MPa (200 MPa 2b) and contained predominantly Bacillus flexus group (Figure 3b). 
261 The higher pressured samples (400 and 600 MPa) did not show any detectable bacterial counts for at 
262 least 56 days, at which point the experiment was terminated. The bacterial population analysis in 
263 these unspoilt samples were highly heterogeneous and contained by both SF and NSF probably 
264 resembling the initial community present on the raw rice and likely from dead or injured cells seeing 
265 bacterial counts on agar were below the detection limit (Figure 3b). Also due to undetectable CFU in 
266 these unspoilt samples, most sequencing reads were likely originating from rice DNA (Table 2). This 
267 shows that the combination of HPP and cooking is effective in extending the shelf-life of cooked rice 
268 and pressures at or above 400 MPa being required to achieve an shelf stable product.
269
270 In other work, during the storage of HP treated parboiled rice, which had been inoculated with 
271 B. cereus spores, these spores recovered after one week in samples that were pressured at 600 MPa 
272 at 60 °C for 8 min or at 600 MPa at 75 °C for 6 min to 1.2 and 0.96 log MPN/g, respectively (Daryaei 
273 et al., 2013). After four weeks of storage at 25 °C, these B. cereus spores grew to 4.8 and 
274 3.8 log CFU/g. This indicates that pressure, in combination with moderate heat injured spores, but 
275 were not able to inactivate them completely. Pressure in combination with temperature above 75 °C 
276 for 8 min at 600 MPa was found to be necessary to extend the shelf-life for more than four weeks for 
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277 rice inoculated with B. cereus spores (Daryaei et al., 2013). In our study, 400 MPa was sufficient to 
278 extend the shelf-life for more than 56 days when combined with a 100 °C cooking step. The difference 
279 is that, in our study, heat was added after HPP and the temperature was higher. Spores could have 
280 been activated during HPP and may have been killed during the subsequent cooking process. In 
281 addition, the number of bacteria naturally present in our rice samples was lower than that artificially 
282 inoculated in other studies, but would be more typical of the contaminating microflora on rice.   
283
284 4 Conclusions
285 This work has provided new insights into the effect of HPP severity and cooking on the bacterial 
286 populations in spoiled rice. Rehydrated rice samples contain a diverse spoilage bacteria population, 
287 which became narrower and dominated by sporeforming bacteria following 400 and 600 MPa 
288 treatments or cooking.  In HPP at 400 MPa and above can extend the shelf-life of rice stored at 
289 ambient temperature when combined with cooking.
290
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391
392
393 Table captions
394 Table 1. High pressured rice and control that were uncooked and stored at 25 °C. Pouched samples 
395 were pressured at 200, 400 or 600 MPa for 10 min at 25 °C in duplicate (a,b) with rice from two 
396 different harvest years (1,2). Samples with an asterisk were run in a separate Illumina sequencing run.
397
398 Table 2. High pressured rice and control that were cooked for 10 min at 100 °C and stored at 25 °C. 
399 Pouched samples were pressured at 200, 400 or 600 MPa for 10 min at 25 °C in duplicate (a,b) with 
400 rice from two different harvest years (1,2).
401
402
403
404 Figure captions
405 Figure 1. Sample processing scheme. a: Rice with water sealed in a pouch was high pressured, then 
406 stored at 25 °C. b: Rice and water sealed in a pouch was high pressured, then cooked in the pouch for 
407 10 min, then stored at 25 °C for up to 8 weeks.
408
409 Figure 2. 16S rDNA community profiling with Illumina sequencing of rice high pressured at 0, 200, 
410 400 or 600 MPa, then stored at 25 °C. Milled rice from two harvest years were used (denoted by 1 
411 and 2) and duplicates were performed (denoted by a and b). Taxon names are only shown for OTUs 
412 with an occurrence of 1 % or more in at least one sample. The rest of the OTUs are grouped into 
413 “others”. The rank of each taxon is shown _o, order; _f, family; _g, genus; otherwise species. A: 
414 Bacterial populations are separated into sporeformers (green for aerobic and red for anaerobic) and 
415 non-sporeformers (orange). B: Individual OTUs.
416
417 Figure 3. 16S rDNA community profiling with Illumina sequencing of rice high pressured at 0, 200, 
418 400 or 600 MPa, then cooked at 100 °C for 10 min and stored at 25 °C. Milled rice from two harvest 
419 years were used (denoted by 1 and 2) and duplicates were performed (denoted by a and b). Taxon 
420 names are only shown for OTUs with an occurrence of 1 % or more in at least one sample. The rest 
421 of the OTUs are grouped into “others”. The rank of each taxon is shown _o, order; _f, family; _g, 
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422 genus; otherwise species. Unspoilt samples are marked with an asterisk. A: Bacterial populations are 
423 separated into sporeformers (green for aerobic and red for anaerobic) and non-sporeformers (orange). 
424 B: Individual OTUs.
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Highlights
- The bacterial diversity of rice following high pressure and cooking was determined
- Enterobacteriaceae and Bacillaceae dominated spoiled rehydrated raw rice
- Bacillus cereus and Bacillus subtilis dominated spoiled cooked rice
- HPP  (400 or 600 MPa) (no cooking) selected for aerobic sporeforming bacteria
- HPP (400 or 600 MPa) plus cooking prevented spoilage for more than 8 weeks at 25 °C
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Table 1
Sample Day of first spoilage CFU/g
Spore-
forming 
bacteria (%)
Rice DNA 
removed (%) Read number
0 MPa 1a 1 3.85E+08 53.4 0.4 21840
0 MPa 1b 1 2.36E+08 49.4 0 1457
0 MPa 2a 1 2.82E+08 31.5 1.4 7648
0 MPa 2b 1 1.15E+09 36.4 0.10 2159
200 MPa 1a 1 3.22E+07 51.4 0.20 6246
200 MPa 1b 1 1.38E+08 55.9 0.9 6941
200 MPa 2a 1 7.25E+06 41.4 1.2 7221
200 MPa 2b 1 1.50E+08 49.6 0.8 19378
400 MPa 1a* 1 2.59E+07 96.7 0 41774
400 MPa 1b 1 1.67E+08 98.5 1.0 9618
400 MPa 2a 1 4.77E+06 95.2 4.2 11802
400 MPa 2b 1 4.37E+06 93.5 10.4 4864
600 MPa 1a 1 2.88E+07 97.4 1.8 17495
600 MPa 1b* 1 1.38E+07 98.9 0.1 63027
600 MPa 2a* 1 2.42E+07 97.1 1.4 52948
600 MPa 2b 1 2.76E+07 94.2 8.7 15196
ACCEPTED MANUSCRIPT
Table 2
Sample Day of first spoilage CFU/g
Spore-
forming 
bacteria (%)
Rice DNA 
removed (%) Read number
0 MPa 1a 3 5.75E+08 94.7 4.0 4957
0 MPa 1b 3 5.33E+07 99.2 1.0 7466
0 MPa 2a 3 9.20E+07 98.3 2.7 2167
0 MPa 2b 3 9.74E+06 99.1 1.4 5136
200 MPa 1a n/a <100 65.5 12.9 3612
200 MPa 1b n/a <100 13.1 14.7 5508
200 MPa 2a n/a <100 6.6 67.5 2592
200 MPa 2b 9 1.44E+06 99.7 0.5 5714
400 MPa 1a n/a <100 13.5 42.5 3988
400 MPa 1b n/a <100 23.8 19.4 5514
400 MPa 2a n/a <100 24.4 83.0 5294
400 MPa 2b n/a <100 13.7 87.8 6573
600 MPa 1a n/a <100 56.9 24.9 5229
600 MPa 1b n/a <100 32.0 45.8 4168
600 MPa 2a n/a <100 8.2 54.3 7943
600 MPa 2b n/a <100 15.8 65.9 8563
